Putidaredoxin reductase and putidaredoxin. Cloning, sequence determination, and heterologous expression of the proteins.
The oxidation of camphor by cytochrome P-450cam requires the participation of a flavoprotein, putidaredoxin reductase, and an iron-sulfur protein, putidaredoxin, to mediate the transfer of electrons from NADH to P-450 for oxygen activation. A 2.2-kilobase pair BamHI-StuI fragment from whole cell DNA of camphor-grown Pseudomonas putida has been cloned and sequenced. Translation of the sequence revealed two open reading frames that could code for putidaredoxin reductase and putidaredoxin. In the case of putidaredoxin, the translated sequence matched the published sequence (Tanaka, M., Haniu, M., Yasunobu, K. T., Dus, K., and Gunsalus, I. C. (1974) J. Biol. Chem. 249, 3689-3701) with the exception of one amino acid. Codon usage in these proteins, like the proteins of other Pseudomonads, is strongly biased to G + C in the third nucleotide. A potential transcription termination site was found 3' to the putidaredoxin coding region. The "FAD-binding" amino acid consensus sequence, present in other flavoproteins, was found in putidaredoxin reductase beginning at residue 11 and a second occurrence of this sequence was found beginning with amino acid 156. The second sequence could represent the NAD-binding site. The regions encoding putidaredoxin reductase and putidaredoxin were subcloned and independently expressed in Escherichia coli at the level of 0.4 and 4.8 mg of enzymatically active protein/g wet weight of cells, respectively. Site-directed mutagenesis was used to change the rare start codon, GTG, of putidaredoxin reductase to ATG which resulted in an 18-fold increase in the level of expression of this protein to 7.4 mg/g wet weight of cells. The construction of these two clones, which express these important proteins, will facilitate studies of their interaction with each other and with P-450cam.